[14C]phenol. The apparent rate of [14C]phenol biodegradation was 2.4 times faster in the sewage than in the landfill leachate. Double-vial radiorespirometry was shown to be an effective method for screening biodegradation rates in aquifers.
Recent investigations have found substantial numbers of microorganisms in shallow water-table aquifers (9) . Since these microorganisms may biodegrade specific organic compounds, their importance must be considered together with physical and chemical processes when one is predicting the transport and fate of synthetic organic chemicals which might be found as contaminants in ground water.
Environmental problems may result from the slow degradation or complete recalcitrance of pollutants to microbial breakdown. Therefore, testing for the biodegradability of organic chemicals in ground water is an important component of evaluating their transport and fate for risk assessment. However, many of the more common tests used to assess rates of biodegradation involve chemical concentrations far in excess of those likely to be found in ground water and do not utilize indigenous organisms under in situ conditions. Insufficient data exist to allow for extrapolation from the high levels (milligrams per liter) commonly used in laboratory studies to the far lower levels (micrograms per liter) characteristic of polluted ground water (7) .
Radiometric methods are among the most sensitive of analytical procedures and have been used to measure the biodegradation of organic pollutants in environmental samples (3, 4, 7, 8) . The application of these methods can be accomplished by supplying 14C-labeled substrates, followed by collecting and measuring the radioactivity of the evolved gases or the compounds remaining in the solution.
A two-compartment scintillation vial method developed by Buddemeyer (1) has been used successfully to determine the biodegradation rates of 14C-labeled substrates contained in composting cow manure, forest soil, and arctic lake sediment microbiota (5) . Modifications to the method designed to simplify sample preparation and improve counting efficiency have been suggested (2) . 
MATERIALS AND METHODS
Radiorespirometer. The double-vial respirometer consisted of a 1-dram (3.7-ml) vial (outer diameter, 1.5 cm; height, 4.5 cm; Kimble Div., Owens-Illinois, Inc., Toledo, Ohio) which was cemented inside a standard (20-ml) borosilicate glass scintillation vial (Kimble). The two-compartment vials were sterilized by autoclaving at 121°C for 15 min. The outer vial was lined on the inside with a strip of Whatman no. 1 filter paper (3 by 8 cm) which had been soaked in the scintillation mixture. The filter paper strip within the radiorespirometer was dried under a steam of nitrogen. The radiorespirometer vial was then tightly capped and stored in the dark.
Scintillation mixture. The scintillation mixture was prepared by combining 10 g of 2,5-diphenyloxazole, 0.125 g of 1,4-bis-(5-phenyloxazolyl)benzene (Packard Instrument Co., Downers Grove, Ill.), and 25 ml of methanolic NaOH in 100 ml of PCS (Amersham Corp., Arlington Heights, Ill.). Methanolic NaOH was prepared by adding 8 g of reagent grade NaOH to 100 ml of methanol (Fisher Scientific Co., Pittsburgh, Pa. approached a maximum as the reaction neared completion. The absence of an initial lag period may have been caused by the presence of organisms already acclimated to phenol, organisms acclimated to similar compounds and thus able to accept phenol, or organisms able to become acclimated to phenol very quickly. The variety and large number of organisms present in secondary treated sewage make it an excellent positive control in aerobic biodegradation studies.
The landfill leachate curves consist of a lag period followed by a linear portion and finally a leveling off. This may reflect an insufficient number or initial absence of acclimated microorganisms capable of immediately biodegrading phenol, or a diffusion-limited process within the sample. For all three concentrations tested, linear biodegradation began at ca. 50 h. The lower degree of degradation in the landfill leachate curves indicates a nutrient limitation in the sample, suggesting the possibility of using this assay for determining optimum nutrient levels for in situ underground biological treatment of polluted ground water.
The average maximum rate of ["4C]phenol biodegradation was determined from the maximum slope of each curve, and normalized per microgram of [14C]phenol initially added. The average normalized rates were 6.4 x 10-14 h'-for sewage and 2.7 x 10-14 h-' for landfill leachate. The normalized rates for each of the three starting concentrations are nearly identical within each type sample ( Table 1 ), indicating that similar processes were occurring without limiting factors such as toxic or insufficient levels of phenol being present within the range tested. Double-vial radiorespirometry is shown to be an effective screening method for estimating the biodegradation of trace levels of organic pollutants in subsurface environments. The procedure may, therefore, be useful for determining whether the subsurface beneath a proposed disposal site has a potential for biodegrading organic pollutants, or whether a presently active or abandoned site is providing biodegradation of pollutants of concern. By the performance of tests with various nutrients, optimum conditions for in situ underground biological treatment may be established because of an ability to monitor reaction rates in a continuous and non-destructive manner.
Further studies are being performed with other organic pollutants and subsurface materials. Sites previously exposed to pollutants are being selected together with pristine areas for measurement of the ability of indigenous microorganisms to cope with introduced organic pollutants.
